Background: Neurological involvement has been reported in up to 80% of adults with Primary Sjogren's syndrome (pSS) with psychiatric abnormalities including anxiety, depression, and cognitive dysfunction being common. Psychosis due to pSS has been reported in adult patients but has never been previously reported in the adolescent/pediatric literature. Here we describe for the first time four cases of adolescent Sjogren's syndrome that presented with psychotic symptoms. Rituximab treatment was followed by improvement of psychiatric symptoms in all patients. Case presentation: 1: 16 year old female without significant past medical history presented to the emergency department with 4 days of abnormal behavior, tremors, insomnia, polyphagia, polyuria, and suicidal ideation. 2: 16 year old female with a 4 year history of severe anxiety, OCD, and tic disorder treated with fluoxetine with partial benefit presented with an abrupt and severe worsening of anxiety, OCD and new auditory hallucinations. 3: 19 year old female without significant past medical history presented with a 3 day history of progressively altered behavior, incoherent speech, insomnia, headache, and tangential thoughts. 4: 17 year old female without significant past medical history presented with new onset suicidal ideation, paranoia, confusion, and emotional lability. Conclusion: Psychosis is more common in autoimmune disease than previously known. To our knowledge, the four teenage women described above are the first reported patients with adolescent pSS manifesting as psychosis. pSS should be considered in the differential diagnosis of young patients with new psychiatric disorders, even in the absence of sicca symptoms. Psychiatric symptoms improved with rituximab infusions in all 4 of our patients, which suggests rituximab may be an effective treatment option that should be considered early after the diagnosis of pSS-associated psychiatric disturbance.
Introduction
Primary Sjogren's syndrome (pSS) is a systemic autoimmune disease typically characterized by plasma-lymphocytic infiltration of the salivary and lacrimal glands. Dry mouth is a common presenting complaint in adults, while parotid swelling may be a more frequently encountered in children [1] . While inflammation is primarily directed toward the exocrine glands, extraglandular manifestations can include arthritis, Raynaud's phenomenon, purpura, pulmonary disease, renal disease, and neurological involvement. Sjogren's syndrome can also occur as a secondary condition with underlying systemic lupus erythematosus (SLE) or rheumatoid arthritis (RA). It most often affects middle-aged females with a prevalence of 0.1-3% and incidence of 3.9-5.3 yearly per 100,000 in the adult population [2] . No such epidemiologic data are available for children.
Neurological involvement has been reported in up to 80% of adults with pSS [3, 4] and can preceed the diagnosis in up to 50-80% of the cases [5, 6] . Central nervous system (CNS) manifestations include aphasia, dysarthria, visual loss, aseptic meningitis, transverse myelitis, neuromyelitis optica, and cognitive dysfunction [6] . Psychiatric abnormalities have also been described including depression, anxiety, and cognitive deficits [3] . Psychosis has been reported in adult patients [3, [7] [8] [9] [10] [11] [12] with pSS but has never been previously reported in the pediatric literature, although other psychiatric manifestations including major depressive disorder and obsessive compulsive disorder (OCD) have been described in pediatric patients [13] .
Brain magnetic resonance imaging (MRI) abnormalities, including non-enhancing T2 hyperintensities in the periventricular and subcortical areas, have been seen in up to 75% of adults with pSS and neuropsychiatric symptoms and 9% of adults with pSS without neuropsychiatric symptoms [14] . Abnormal electroencephalograms (EEG) are found in about 33-48% of patients with CNS pSS [15, 16] . Cerebrospinal fluid (CSF) analysis may be normal or show elevated IgG index [17] . Autopsy and brain biopsy studies in adults have also demonstrated inflammatory changes in pSS patients despite normal brain MRI and cerebral angiogram [18] . Biopsy findings in neurological involvement of Sjogren's syndrome include small vessel vasculitis of the small cerebral blood vessels and direct inflammatory infiltration of cerebral tissue [15, 19] . There is also evidence for activation of the complement pathway [20] . Patients with anti-Sjogren's syndrome type A (SSA) antibodies are more likely to have CNS disease than those with anti-Sjogren's syndrome type B (SSB) [21] . Patients with HLA-DR3/DR4 may have greater risk of CNS disease while HLA-DR1, DR2, and DRw6 may be protective [22] .
Treatment for CNS manifestations of Sjogren's syndrome has been empiric, guided by expert opinion and anecdotal reports. Some experts recommend monthly pulse cyclophosphamide for 6-12 months in patients with progressive nervous system dysfunction [15] . Other immunosuppressive medications used with varying success include azathioprine, methotrexate, and cyclosporine [23] . Rituximab has been used anecdotally in CNS pSS with varying results [24, 25] .
Here we describe for the first time four cases of adolescent Sjogren's syndrome presenting with psychotic symptoms. Rituximab treatment was followed by improvement of psychiatric symptoms in all the patients.
Case presentations

Case 1
A 16 year old female without significant past medical history presented to the emergency department (ED) with 4 days of abnormal behavior, tremors, insomnia, polyphagia, polyuria, and suicidal ideation. She reported that she was sexually assaulted and had ingested synthetic cathinones (bath salts). Physical exam was within normal limits (WNL). Laboratory evaluation with complete blood count (CBC), complete metabolic panel (CMP), and thyroid studies were within normal limits. Head computed tomography (CT) showed no acute intracranial abnormality. She was discharged with a diagnosis of drug-induced psychiatric disturbance.
Over the course of the next few months the patient was seen in the ED six further times for suicidal ideation, drug use (methamphetamines and cocaine), and violence toward her family members. She had paranoid delusions that her family was trying to poison her and complained that "someone stole my nose." She had mood lability and was noted to have abnormal hand gestures. She had cognitive deficits with inability to complete basic reading and writing assignments.
The patient was admitted to the hospital for further workup of psychosis, rheumatology was consulted for a recently discovered positive antinuclear antibody (ANA) of 1:1280 titer. She denied recent drug use in the last 6 months which her family confirmed. On physical exam she had tenderness to palpation of her parotid glands. Laboratory evaluation was positive for SSA > 8 (nl < 8) iu/ml. All other tests were within normal limits (Table 1) : CBC, CMP, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), urine analysis (UA), and urine drug screen were all normal. CSF cells, glucose and protein, C3 Complement (C3), C4 complement (C4) and thyroid stimulating hormone (TSH) were all also WNL. Antibodies to thyroid peroxidase (TPO), ANCA (antineutrophil cytoplasmic antibodies), double stranded deoxyribonucleic acid (dsDNA), ribosomal P, neuronal, N-methyl-D-aspartate receptor (NMDA), Smith, ribonucleoprotein (RNP), Beta 2 glycoprotein/cardiolipin, neuromyelitis optica (NMO)/aquaporin-4 (AQP4), and SSB were negative/WNL. Serum autoimmune encephalopathy panel (performed at Mayo lab) was negative. MRI of the brain showed symmetrical bilateral volume loss of the parietal lobes of uncertain significance. EEG was within normal limits ( Table 2) .
A minor salivary gland biopsy showed small foci of lymphoplasmacytic predominantly peri-ductal inflammatory infiltrate with > 50 infiltrates in three foci; giving her a focus score of 3. Schirmer's test was abnormal at 5 mm bilaterally (normal > 10 mm) ( Table 3 ). She was diagnosed with pSS based on the 2017 American College of Rheumatology (ACR)/European League Against Rheumatism classification criteria (EULAR) [26] .
The patient was initially treated with olanzapine on an inpatient psychiatry ward. After several months, her recovery was suboptimal and she continued to have severe cognitive deficits with difficulty in comprehension, reasoning, and memory suggesting a diagnosis other than a primary psychiatric disorder. After obtaining consent from her family, immunosuppressive treatment was initiated with 1000 mg rituximab every 2 weeks for two doses in addition to pulse dose methylprednisolone 1000 mg daily for 3 days followed by a prednisone taper over 24 weeks. Since initiation of immunosuppressive therapy the patient has been followed for 18 months and made major cognitive improvements, no longer has psychotic symptoms, and is off psychotropic medication. She has not developed any new symptoms or received further rituximab infusions.
Case 2
A 16 year old female presented with a 4 year history of severe anxiety, OCD, and tic disorder treated with fluoxetine with partial benefit. Four months prior to evaluation, she developed an abrupt and severe worsening of anxiety, OCD and new auditory hallucinations and was started on aripiprazole which led to a reduction of her auditory hallucinations to approximately once per day. She was able to resume school on a modified schedule. Lab work up was notable for positive ANA 1:1280 (speckled), anti-SSA 4.8 (0.0-0.9) AI and anti-SSB > 8 (0.0-0.9) AI, elevated Immunoglobulin G (IgG)(2116) mg/dL, ESR 57 mm/hr., and positive rheumatoid factor (RF) (58.7 IU/mL). CBC, CMP, TSH and free thyroxine 4 (fT4), thyroid antibodies, UA, CSF analysis (including CSF autoimmune encephalitis antibody panel and oligoclonal bands) were within normal limits (Table 1) . MRI brain revealed a single punctate focus of nonspecific white matter signal change in the left frontal lobe, and was otherwise unremarkable ( Table 2 ). Magnetic Resonance spectroscopy brain imaging revealed abnormal brain perfusion with regional cerebral cortical left anterior temporal moderate hypoperfusion and relative minimal hypoperfusion in right thalamus of unclear significance. EEG showed occasional delta range slowing in the left frontocentral-temporal region. The patient did not consent to labial salivary gland biopsy and refused ophthalmology evaluation for Schirmer's testing.
Despite the absence of sicca symptoms and not fulfilling the 2017 ACR/EULAR diagnostic criteria (Table 3) , the patient's positive serologies and evidence of organic brain disease on MRI spectroscopy and EEG prompted the presumptive diagnosis of neuropsychiatric pSS. The patient was treated with a single dose of rituximab 1000 mg. She then presented with fever, rash and joint pain 10 days after the rituximab infusion. She was found to have platelet count of 124 × 10^3/uL, elevated CRP of 91.4 mg/L, low C4 < 4 mg/dL, C3 of 138 mg/dL, with otherwise unremarkable CBC and CMP. She was diagnosed with rituximab-induced serum sickness reaction and was treated with a 1 week course of prednisolone with resolution of her serum sickness symptoms. Repeat labs showed normal platelet count of 370 and repeat C4 of 11 mg/dL. A lymphocyte panel showed complete B cell depletion with 0% CD19+ cells. Plans for a second dose of rituximab were cancelled.
One month after treatment with rituximab the patient's mother reported that the patient's mood had improved. Five months later, the patient was having less auditory hallucinations, occurring approximately once a month and associated with times of increased stress. She returned to school and extra-curricular activities. She also reported significantly improved sleep quality and mood. She was able to decrease her aripiprazole dose by 50%. The patient and her parents declined treatment with hydroxychloroquine. Six months after her initial rituximab treatment, repopulation of her peripheral CD19+ cell count and previous improvement of psychiatric symptoms with rituximab prompted treatment with obinutuzumab, a humanized anti-CD20 monoclonal antibody that did not confer the same risk of serum-sickness reaction. She tolerated obinutuzumab treatment well. About 5 months after initial treatment with obinutuzumab the patient developed an increase in hallucinations, tics, and anxiety after starting an oral contraceptive (OCP). She was re-treated with obinutuzumab infusion, her OCP was discontinued, and her flare of psychiatric symptoms resolved. She has been followed for 12 months since initiation of immunosuppressive therapy without development of new symptoms. She has not received any further treatment with obinutuzumab or other immunosuppressive therapies.
Case 3
A 19-year-old female with no significant past medical or psychiatric history presented with a three-day history of progressively altered behavior, incoherent speech, insomnia, headache, and tangential thoughts. In the months preceding initial presentation she was a victim of sexual assault and experienced the death of a close friend. She denied any use of drugs, tobacco or alcohol. Physical exam was notable for temperature of 100.7 F. Mental status exam was remarkable for disorganized and repetitive speech, flight of ideas and tangential thoughts. Laboratory tests showed a CRP of 1.1 (0.0-0.8) mg/dL and ESR of 60 (0-20) mm/h. CBC, CMP, UA, CSF cells, glucose and protein, UA, urine toxicology screen, salicylate and acetaminophen level were all normal ( Table 1) .
Soon after hospital admission, she developed an episode of bilateral hand tremors with upper extremity rigidity, tachycardia and systolic hypertension without fever or elevated inflammatory markers that improved after adding diphenhydramine and lorazepam. A few days later, she had another transient event characterized by posturing, mood lability and generalized tremors. Neurological exam showed generalized hyperreflexia but no focal abnormalities. Due to concern for a primary psychiatric disorder she was discharged to an inpatient psychiatric facility where she received risperidone, benztropine and clonazepam to assist with sleep. She was treated with this regimen for about a month, during this time she developed worsening staring episodes concerning for seizures and was transferred back to the primary hospital for further medical work up that revealed a positive ANA 1:160 mixed pattern, with anti-SSA 4.8 (0.0-0.9) AI and anti-SSB > 8.0 (0.0-0.9) AI. Antibody testing for anti-dsDNA, Smith, ribosomal P, Jo-1, topoisomerase I (SCL-70), centromere, paraneoplastic and autoimmune encephalitis panels (including NMO and NMDA antibodies), and TPO auto-antibodies were negative. UA, C3 and C4 were normal. Blood, urine and CSF cultures showed no growth. Ceruloplasmin, porphyrins, angiotensin converting enzyme, human immunodeficiency virus (HIV) and syphilis testing were negative. An abdominal and pelvic ultrasound (US) were normal. Brain MRI with contrast and brain magnetic resonance angiogram (MRA) were WNL ( Table 2) . She underwent continuous EEG that showed no evidence of seizure activity. She continued to display disorganized thoughts with fluctuating coherence, persistent delusions, slow psychomotor responses, echolalia, echopraxia and posturing. Symptoms markedly improved after initiation of lorazepam, which prompted a diagnosis of catatonia.
She was re-started on risperidone and then switched to aripiprazole due to extrapyramidal side effects. She continued to have marked psychiatric symptoms including auditory and olfactory hallucinations, echolalia, paranoia, hyper-religiosity, derailment and thought blocking. Given ongoing symptoms, she was restarted on risperidone along with benztropine and clonazepam.
She was diagnosed with primary Sjogren's syndrome based on positive ANA, anti-SSA and anti-SSB titers as well as an abnormal Schirmer's test and a minor salivary gland biopsy focus score of 1-2 (Table 3) . She was started on prednisone 45 mg/day with transient improvement, but developed subsequent worsening of her paranoia with more episodes of staring, intermittent posturing and fluctuating mood after 10 days. Symptoms improved with IV methylprednisolone 30 mg/kg/day for 3 days, restarting aripiprazole and increased lorazepam. IV rituximab was started as a steroid sparing agent. She received the first dose 1.5 months after disease onset. Two months later, her psychotic symptoms and catatonia improved considerably and she was weaned off lorazepam, aripiprazole, and steroids. Her symptoms improved with rituximab infusions 500 mg/m2 (two doses 2 weeks apart) every 4 months, mycophenolate mofetil 1500 mg twice a day, and oral prednisone 2.5 mg/day and she was able to return to nursing school and her extracurricular activities. Neuropsychological assessment 4 months after diagnosis revealed overall low average intellectual ability with weakness in nonverbal reasoning, visuospatial abilities, working memory, processing speed, attention, planning and organization. She received a total of 2 rounds of rituximab and was followed for 18 months after initiation of immunosuppressive medication without development of new symptoms but was subsequently lost to follow up.
Case 4
A previously healthy 17 year old female presented with new onset suicidal ideation, paranoia, confusion, and emotional lability. She had no auditory or visual hallucinations. Review of systems was otherwise negative. Her mother was noted to have a history of RA.
Physical exam was notable for flat affect but was otherwise normal. Within the first few days of presentation, her agitation worsened and she became intermittently unresponsive. She also had episodes of nocturnal enuresis. MRI brain with and without contrast was normal ( Table 2) . EEG was normal. All initial laboratory testing was normal apart from aspartate aminotransferase (AST) 62 (< 26) U/L, bilirubin 1.11 (nl < 0.84) mg/ dL, and C4 9.6 (nl > 13) mg/dL. CBC, ESR, CRP, UA, CSF cell counts, glucose, and protein, rapid plasma reagin (RPR) and treponemal Ab, herpes simplex viruses (HSV) polymerase chain reaction (PCR) were normal / negative (Table 1) . On day four of admission she received 3 days of pulse methylprednisolone (8 mg/kg/day IV) followed by oral prednisone (1.3 mg/kg/day), and on day 7 received IVIG (2 g/kg, max 100 g) without improvement in her psychotic state.
Following empiric treatment, further laboratory testing revealed positive ANA 1:640 in a speckled pattern, Anti-SSA 8 (nl < 1) iu/mL. Other antibody testing for ANCA panel, RF, ribosomal P Ab, Smith, RNP, SSB, anti-Scl70, and anti-dsDNA Ab were negative. She was started on ziprasidone and risperidone. Minor salivary gland biopsy/ keratoconjunctivitis sicca testing was not performed. Given persistent psychosis despite treatment with antipsychotics, positive SSA-antibody, and low C4 without further signs or symptoms of SLE, she was presumptively diagnosed with primary Sjogren's syndrome (Table 3 ) and treated with rituximab 1000 mg IV and pulse methylprednisolone for 3 days followed by oral prednisone taper. Her mental status improved and she was discharged home on hydroxychloroquine 200 mg daily and prednisone 0.65 mg/kg/day. Approximately 12 days after her first rituximab dose, the patient was readmitted for worsening suicidal ideation and new auditory hallucinations. Repeat CMP showed an increase in liver enzymes (AST 49, alanine aminotransferase (ALT) 106 mg/dL). The patient received the second dose of rituximab and one dose of IV cyclophosphamide 750 mg/m2 and was transitioned to oral prednisone. Her mental status improved over a period of weeks to months. She received a second round of rituximab 6 months later. She is currently being treated for depression/anxiety but was able to wean off all antipsychotics, and now has normal cognitive function. She has been followed for 7 months since initiation of immunosuppressive treatment without development of new symptoms.
Discussion
Psychosis is defined as a condition that affects the mind where there has been some loss of contact with reality, often with deficits in cognitive processing commonly manifested as hallucinations or delusions [27] . It is separated into primary (idiopathic) and secondary causes due to medical illnesses or substance use [28] . Secondary psychosis is more common in autoimmune disease than previously recognized [29, 30] . It is a common manifestation of neuropsychiatric SLE and has been seen in about 12% of the pediatric neuropsychiatric SLE population [31] . Psychiatric disturbance has also been well documented in various case reports and case series in the adult pSS population [3, 4, 10, 16, 32, 33] , including depressive disorder, anxiety disorder and sleep disorder [34] . The reported incidence of psychiatric and/or cognitive impairment in adult pSS patients has been under great debate varying from < 10% in a prospective study of pSS seen in a rheumatology clinic [16] to 80% in a retrospective study [11] . This variability is thought to be due to a lack of definition of CNS manifestations in pSS with inclusion of mild symptoms such as headache and cognitive dysfunction in some studies, use of primary versus secondary Sjogren's syndrome population and differences in diagnostic criteria used to define Sjogren's syndrome [35] . Frank psychosis in adult pSS has been seen less commonly and has not yet been documented in the pediatric or adolescent population.
To our knowledge, the four young women described above are the first reported patients with adolescent pSS manifesting as psychosis. None of the patents presented above had symptoms or lab criteria to suggest a diagnosis of SLE. A history of sexual assault was reported in cases 1 and 3 and drug use was reported in case 1. In both of these cases the psychiatric symptoms were initially attributed to primary psychiatric illness, with the diagnosis of psychosis related to pSS being made only after conventional psychiatric treatment had failed. Although one must consider the possibility that these patient's psychiatric symptoms were related to substance abuse/traumatic life events, the fact that the patients did not respond typically to anti-psychotic medication and the positive response seen with immunosuppressive medication suggests the psychotic symptoms were indeed related to their confirmed diagnosis of pSS.
In cases 2 and 4 the diagnosis of pSS was based on the presence of positive anti-SSA serology alone as keratoconjunctivitis sicca testing and minor salivary gland biopsy were not performed; therefore these patients did not satisfy the 2017 ACR-EULAR criteria for pSS [26] . It is important to remember that there are no diagnostic criteria for pSS in the pediatric patient population, and childhood presentations can be quite variable often with extra-glandular manifestations predominating [36] . None of the 4 patients presented above complained of keratoconjunctivitis sicca or xerostomia. It is impossible to exclude the possibility that these patients had primary psychiatric disease and not secondary psychosis related to pSS. However, given the suspicion for organic brain disease in these patients as well as the known association of psychosis with pSS, the risk benefit analysis favored empiric treatment for presumed pSS and all patients showed improvement following treatment with rituximab. Three of the four patients have been weaned off anti-psychotics.
Conclusion
Our case series suggests that psychiatric symptoms, mainly psychosis, can be an initial presentation of pSS in the adolescent population. Thus, pSS should be considered in the differential diagnosis of young patients with new psychiatric disorders, even in the absence of sicca symptoms. Psychiatric symptoms improved with rituximab/anti-CD20 infusions in all 4 of our patients, which suggests that rituximab may be an effective treatment option that should be considered early after the diagnosis of pSS-associated psychiatric disturbance. 
